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PREFACE

This report was prepared by the Materials Integrity Branch
(AFWAL/MLSE), Systems Support Division, Materials Laboratory, Air Force
Wright Aeronautical Laboratories, Wright-Patterson Air Force Base, Ohio,
under Project 2418, "Aerospace Structural Materials," Task 241807,
"Systems Support," Work Unit 24180703, "Engineering & Design Data."

The work reported herein was performed during the period August
1982 - May 1983, the mechanical property testing was performed by Capt
Scott Jarvis and the final report was authored by 2Lt Jon D. Tirpak
(AFWAL/MLSE). The report was released by the author in October 1983.
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SECTION I
BACKGROUND

During the early 1970's, the initial B-1 bomber design specified
the use of 7075-T7351 and 7075-T7651 aluminum plate in certain damage
tolerant critical locations. Since that time however, the Aluminum
Association has agreed that they would guarantee fracture toughness only
for a new generation of alloys specially processed for improved fracture
properties. In the case of the B-1, the appropriate replacement for
7075 plate would be 7475 plate and it has so been selected for production.

In reviewing all the design properties for these respective alloys,
it was noted that shear and bearing properties reported in MIL-HDBK-5
for 7475-T7351 and 7475-T7651 were lower than values reported for 7075
with respective tempers. The 7075-T7351 and -T7651 property data were
generated in the late 1960's under less stringent statistical requirements
than those now in effect. The 7475-T7351 and -T7651 allowables were
approved in the late 1970's and were analyzed under the new guidelines
requiring a larger number of different lots of material.

In order to assist the B-1 SPO and at the same time statistically
reanalyze 7075-T7351 and -T7651 for MIL-HDBK-5, the Systems Support
Division (MLS) conducted test programs to obtain supplemental data.

Plate material for the program was supplied by Lockheed, General Dynamics,
Sikorsky, Alcoa and McDonnell Douglas in thicknesses ranging from 0.375

to 3 inches. Tensile, compressive, shear and bearing tests were performed
by the Systems Support Division (MLS). The data generated by this program
and published in this report has been submitted to Battelle, Columbus,
Ohio for additional analysis and eventual incorporation into MIL-HDBK-5.
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SECTION II
TEST PROGRAM AND PROCEDURES

1. MATERIAL

7075-T7351 and 7075-T7651 plates of varying thickness were supplied
to Systems Support Division (AFWAL/MLS) by several companies. Table 1
lists these suppliers and thicknesses.

2.  SPECIMEN

Figure 1 shows the test specimen orientation with respect to the
rolling direction of the plate. Test specimens were machined from the
plates as shown in Figures 2 - 5. All specimens excised from plates
1-1/2 inches thick or less were taken from the center thickness location
while all specimens from plates greater than 1-1/2 inches were taken
from the 1/4 thickness location. These locations are specified by ASTM
Standard B557 and AMS Standard 2355.

3.  TEST PROCEDURES

Tensile tests were performed in a 20,000 1b. capacity Instron
tensile testing machine. A 1/2-inch Instron extensometer was used on
the short tensile specimens while a 1-inch Instron extensometer was used
on the round tensile specimens to obtain strain measurements. ASTM
Standard E8, "Tension Testing of Metallic Materials," was followed.

Compression tests were governed by ASTM Standard E9, "Compression
Testing of Metallic Materials at Room Temperature." Dual strain gaged
specimens were tested on a Satec compression sub-press mounted in a
20,000 1b. Instron machine.

The 20,000 1b. Instron was also used to conduct shear tests. No
ASTM standards for shear testing exists. Specimens were sheared using a
double shear tool.

Bearing tests were performed in accordance with ASTM Standard E238,
"Pin-Type Bearing Test of Metallic Materials." Two edge to distance
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ratios were tested; e/D = 1.5 and e/D = 2.0. Again, testing was
performed using the 20,000 1b. Instron machine.

In all cases, tests were conducted in laboratory air at room
temperature and 20 - 30 percent relative humidity.
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SECTION III

RESULTS AND DISCUSSION

The tensile, compressive, shear and bearing test data for 7075-
T7351 and 7075-T7651 are presented in Tables 2 and 3. Figures 6 - 10
graphically depict the 7075-T7351 data to show the effects of plate
thickness on mechanical properties.

For 7075-T7351 tensile and compressive properties decreased slightly
as plate thicknesses increased from .375 inches to 3.0 inches. Figures
6 through 8 illustrate this effect. Figure 6 shows that ultimate and
yield strengths and percent elongation in the L-T direction decreased
slightly as plate thicknesses increased. 7075-T7351 in the S- T direction
behaved similarly as shown in Figure 7. A comparison of L-T and S-T
ultimate and yield strengths as affected by plate thicknesses 1.5 inches
and greater was made in Figure 8. Ultimate and yield strengths for the
T7351 condition were slightly greater in the L-T direction than in the
S-T direction. In both cases though, tensile strengths decreased with
increased plate thickness.

Shear and bearing properties behaved differently than tensile and
compressive properties as plate thickness increased. Shear and bearing
test data were plotted as shown in Figures 9 and 10. From .325 to 1.50
inches of plate thickness, both shear and bearing strengths decreased
between 1.5 and 1.75 inches of plate thickness, shear and bearing
strengths increased noticeably to a maximum. As plate thickness increased
from 1.75 inches, shear and bearing strengths again decreased. The
inflections at 1.5 and 1.75 inches of these plots suggests that the
specimen location determines the properties of the material. For thick-
nesses up to 1.5 inches, specimens are located at half of the plate
thickness. For thicknesses greater than 1.5 inches, specimens are located
at one quarter of the plate thickness. By using two different specimen
lTocations, thickness/2 and thickness/4, as specified by test standards,
two different data sets result.
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The shear test data varied by a greater amount from the original
MIL-HDBK-5 data than any other data. It appears that the variation was
due to the test fixture design which is a conventional double-shear tool.
The double-shear tool lacks rigidity and provides less support to the
shear specimen. These two factors are believed to account for the lower
shear values obtained. In order to correct for these inadequacies a
heavier shear tool, such as the Amsler shear tool, should be incorporated
in a test standard.

7075-T7651 plates in 1.75 and 2.25-inch thicknesses were also tested.
The L-T ultimate and yield tensile strengths were greater than the S-T
ultimate and yield tensile strengths. Also the tensile compressive and
shear strengths of the 1.75-inch plate were slightly greater than the
strengths of the thicker 2.25-inch plate. This was also true of the
bearing tests performed in the L and L-T orientations. Since only two
plate thicknesses were sampled and there were limited data, plots were
not constructed for 7075-T7651.



AFWAL-TR-83-4128

SECTION IV

CONCLUSIONS

7075-T7351 and 7075-T7651 tensile compressive, shear and bearing
properties are affected by plate thickness.

Tensile and compressive strengths decrease with increasing plate
thickness for both the T7351 and T7651 conditions.

7075-T7351 shear and bearing strengths are affected by plate thickness
and specimen location within the plate. As plate thickness increases,
shear and bearing strengths decrease. To compensate for the varying
bearing strengths, two data sets should be used for analysis. One data
set should be used for plate thicknesses up to 1.5 inches (T/2) and the
second data set should be used for plates greater than 1.5 inches thick

(T/4).

A shear test jig and test procedure should be standardized, since
variations in testing can yield a variety of results.

Although 7075-T7651 appears to behave like 7075-T7351, more plate
thicknesses must be tested.

~LT—>

//

f

W

|

Figure 1. Specimen Orientation Diagram. L is the Rolling Direction.




AFWAL-TR-83-4128

“(uL) uswidads a|Lsusl punoy

'vid 1820

W

‘SQHL € SSV1)
dNNH2S -GLE'O

.
o

‘€ QunbLy

431N3D 0L
€000 ¥3dvl

[<*+—19000| e
‘vigoseo

_— 45210 h

_ “ — GLE'0

_ .\,Nn
052l ’v_

*(ul) uswioadg 9| LsSua] ju40yg

*Z dunb L4

ol
[

T-llllll

Sl

I
19629

oS X Nmmm“_s_dio\

8
40N vmxm

———— ]

cLe"




AFWAL-TR-83-4128

0050

GLE0 .,T
a 3ZIS

OoI'Q—

0v0'0-520°0 \

H34dWVHO

"(uL) usawioads Butuaeag  sunbL4
o [oT 0]
% 3770H 1S31vIa momN.ON
A 29 |
m~
—[|-&» 7% &y
o, .ﬂ: \Af:(\\ Aﬂ\
F (o SL£°0 |
080
f— | 020 ™ L a
4
6'¢ .
“(uL) suswidoadS Jeays "G aunb L4
A
! .
| o Sise0
g6v2o
olr

060l




AFWAL-TR-83-4128

ot

"SSAWYILYL 33e|d AQ Pa3234y Se saljuadouad a|Lsudl |- "9 2unb L4
(NI) 31vd 40 SSINMIIHL

00

o 02 0ol
1

I Ll

NOILYONO13 ¢ o—S Avl?@ O—ESS—

V3NV NI
NOILONA3Y
@)
S a1 V
¥1S Q13IA - s
Vv
¥1S 17N 0 O v o

O
O

S31143d0¥d 3TISN3L 1-1
31vd WNNIANTY ISEL1L SL0L

00l

IN3043d

(ISM)SS341s



AFWAL-TR-83-4128

oY

3 Y "SSauyoLyl ajeid
AqQ pa3da4iy se S9(349d0oud 9ALSSaudwo) pue dLLsSud] |-S 7 8unbBi4

(N1) 31vd 40 SSINMIIHL

‘v sNaL V

(O 0'c o'l
T T

l

9NO13 -

g |
| -

'S'ASNIL O-

O
S

O

@
@
O'O

'S°A dNOD
1N SN31

A

S311LY¥3d0¥d TVYOINVHO3W L-S
31Vd WNNINNTY ISELL SL0L

08

06

00l

1N32¥3d

(ISM)SS3yls

10



AFWAL-TR-83-4128

ov

"SSauyd Lyl 9je|d
Aq p8312944y se syjbusauls a|Lsual |-S pue |- 40 uostdedwo)

(NI)31V1d 30 SS3ANMOIHL

o'l

*Q 9unbL4

00

g13IA L-S

(O )r
T

&

1N 1-S
190 1-1 Q/OD/f/@
O O

O

v
al3iA LT A\V4
LY 4
SO
g ¢
S
"
R
@)

0s

1S 3TSN3L 1-S SNSH3A 1-1
31Vvid WNNIWNAY ISELL SL0L

L

(1S)) SS3y1S

11



AFWAL-TR-83-4128

"SSauoLy] ®3e|d AQ pa31daLiy se syzbusuys aeays |-1 pue 7

(NI)31vd 40 SSANMIIHL
ot o¢e 072

"6 9unb L4

! I

O ¥vaks1

YV uv3Hs 1-7 £ «

S1S31 YV3IHS L-1 ANV 1
31vd WNNIWNTY ISEL1 GL0L

°PA

(ISY) SS3YLS HVIHS

12



AFWAL-TR-83-4128

ov

"(313317 patdep san|ep |- pue ] 0ULS PauLquo) Sem ejeq)
"SSAUYDLYL d1e|d Aq Pa3da4y se eleq Bulaeag |-7 pue 7 pauLquo) Q| aunb iy

(NI)3L1vd 40 SS3NMOIHL

o'¢ 02 o'l 00
I | T
O - N
D ey
s'l=a/e sA F——8 =) O o O =
/ =
/ v
0'2=0/9 SA 74 Vv w @/ %/@ =
- — — Vv T
S'1=a/0 10 ﬁ%@
e, 54
/
Se
@ // o -
0'2=0/9 17N e O
9 /0 =
S1S3L ¥NO4 = 1d HOV3

Viva ONIYV38 1-1 ONV 1
31Vvid WNNINNTVY ISELL SLOL

o8

(o] 3

00l

Oll

ocl

oel

ovI

(0]°]|

09l

(ISM)SS3Y1S 9NINY38

13



AFWAL-TR-83-4128

TABLE 1

~ 7075-T7351 AND -T7651 TEST PROGRAM

Plate Heat
Thickness (in) | Treatment Supplier Tests
B 74 T7351 Lockheed-Georgia 4B-L, 4B-LT, 2ST-LT,
2S-L, 25-LT
.500 T7351 Lockheed-Georgia 4B-L, 4B-LT, 2ST-LT,
2S-L, 2S-LT
.500 T7351* Lockheed-California | B-L, 4B-LT, 2ST-LT,
2S-L, 2S5-LT
.625 17351 Lockheed-Georgia 4B-L, 4B-LT, 2RT-LT,
2S5-L, 2S-LT
.875 T7351 Lockheed-Georgia 4B-L, 4B-LT, 2RT-LT,
2S-L, 2S-LT
1.000 17351 Lockheed-Georgia 4B-L, 4B-LT, 2RT-LT,
2S-L, 2S5-LT
1.250 T7351* General Dynamics 4B-L, 4B-LT, 2RT-LT,
2S5-L, 2S-LT, 2C-ST
1.500 T7351 Lockheed-Georgia 4B-L, 4B-LT, 2RT-LT, 2RT-ST
1.500 T7351* Sikorsky 4B-L, 4B-LT, 2RT-LT, 2RT-ST
1.750 T7351* Sikorsky 4B-L, 4B-LT, 2RT-LT, 2RT-ST
1.750 T7651 McDonnel1-Douglas 4B-L, 4B-LT, 2RT-LT
2.000 T7351 Alcoa 4B-L, 4B-LT, 2RT-LT, 2RT-ST
2.250 T7351 Alcoa 4B-L, 4B-LT, 2RT-LT, 2RT-ST
2,250 T7651 Lockheed-California | 4B-L, 4B-LT, 2RT-LT
2.500 11351 McDonnel1-Douglas 4B-L, 4B-LT, 2RT-LT, 2RT-ST
3.000 T7351 Alcoa 4B-L, 4B-LT, 2RT-LT 2RT-ST
*Reheat treated from T7651 condition to designated heat treatment.
B-L = Bearing in Longitudinal.
B-LT = Bearing in Long Transverse.
ST-LT = Short Tensile in Long Transverse.
S-L = Shear in Longitudinal.
S-LT = Shear in Long Transverse.
RT-LT = Round Tensile in Long Transverse.
C-ST = Compression in Short Transverse.

14
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